WAVEGUIDE FOR MICROWAVE DEVICE 
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BACKGROUND OF THE INVENTION 

1 . , Field of the Invention 

The present invention relates to a waveguide for a 
microwave device used as a satellite communication 
transmitter and the like. 

2. Description of the Related Art 

For example, a satellite communication transmitter as a 
microwave device is generally provided with a circuit board 



Q having a high-frequency circuit thereon. The high-frequency 

m 

circuit includes an intermediate -frequency amplifier circuit, 

JS 

W a local oscillator circuit, a hybrid power- amplifier circuit, 

jfij 

a and so forth. The circuit board is housed in a metal frame 

and capped by a cover plate. The intermediate-frequency 
amplifier circuit amplifies intermediate- frequency input 
signals to a certain power level. The hybrid power- 
amplifier circuit includes a frequency mixer as a frequency 
converter, a band-pass filter, and a power amplifier. The 
frequency mixer converts frequencies of the intermediate - 
frequency signals received from the intermediate-frequency 
amplifier circuit to predetermined high-frequencies in 
accordance with local oscillation signals received from the 
local oscillator circuit. Then, the band-pass filter allows 
the signals to pass through only when the converted 
frequencies lie in a predetermined frequency range. 
Subsequently, the power amplifier amplifies the signals 
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passing through the band-pass filter to a sufficient degree 
of amplification so as to transmit the signals. 

In such a satellite communication transmitter, the high 
frequency signals amplified by the hybrid power- amplifier 
circuit are transmitted into a waveguide via a probe, and 
then are emitted into air via a horn at an end of the 
waveguide. A known structure of the waveguide is such that 
the end of the probe protrudes from a side surface of the 
frame and also the waveguide, which is integrally molded by, 
e.g., aluminum die-casting, is fixed to the side surface of 
the frame in order that the end of the probe is inserted in 
the waveguide. 

However, in the aforementioned known art, fixing the 
integrally molded waveguide to the frame of the microwave 
device substantially reduces the space for mounting 
components of the device due to the required waveguide 
length, and also bringing the end of the opening of the 
waveguide into line with the probe substantially limits the 
layout design freedom of the components including the 
waveguide . 

SUMMARY OF THE INVENTION 

In view of the aforementioned known art, it is an 
object of the present invention to provide a waveguide for a 
microwave device, which provides sufficient space for 
mounting device components and enhanced layout design 
freedom for the components. 
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To this end, a waveguide for a microwave device 
according to the present invention comprises a frame for 
housing a high-frequency circuit therein, and a lid attached 
to a sidewall of the frame, wherein at least one of the 
frame and the lid has a waveguide groove formed therein and 
extending along the mating surface between the frame and the 
lid. 

In the waveguide configured as described above, the lid 
is attached to the sidewall of the frame and covers the 
waveguide groove formed at least one of the frame and the 
lid so as to function as a waveguide, thereby providing 
sufficient space for device components and improved layout 
iy design freedom for the components. 

In the above configuration, the frame may comprise a 
main casing housing a first circuit board and a sub-casing 
housing a second circuit board, and the second circuit board 
may have a probe provided thereon such that the probe 
protrudes into the waveguide groove. This arrangement makes 
sure to shield circuit components including a probe mounted 
on the second circuit board and other circuits components 
mounted on the first circuit board. 

Further, in the above configuration, the lid may have a 
projected flange formed thereon so as to serve as a fixing 
surface for a mating waveguide, and the flange may have a 
waveguide through-hole therein so that the waveguide groove 
is in continuous connection with the waveguide through-hole 
via an inclined plane formed at an end of the waveguide 
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groove. This arrangement reduces the proportion of the 
surface area of the flange relative to the overall outer 
surface area of the lid, and makes it easy to obtain the 
flat end surface of the flange, thus allowing the mating 
waveguide to be accurately mounted on the end surface of the 
flange of the lid. 

Furthermore, in the above configuration, the sub-casing 
is preferably arranged inside the four sidewalls of the main 
casing and the main casing preferably has a through-hole 
m formed in the sidewall to which the lid is attached so that 
the probe penetrates through the through-hole. 
Alternatively, the main casing may have a cut-out formed in 
the sidewall to which the lid is attached and the sub-casing 
arranged inside the main casing may have a sidewall which is 
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m*i exposed at the cut-out. In this arrangement, both the main 
casing and the sub-casing preferably have waveguide grooves 
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formed in the respective sidewalls, and the lid preferably 
has a flat surface to cover the waveguide grooves. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating the entire 
structure of an electronic circuit unit according to an 
embodiment of the present invention; 

Fig. 2 is a plan view of the inner structure of the 
electronic circuit unit; 

Fig. 3 is an exploded perspective view of the 
electronic circuit unit ; 
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Fig. 4 is a perspective view of a radiator of the 
electronic circuit unit; 

Fig. 5 is a sectional view of the inner structure of 
the radiator; 

Fig. 6 is a perspective view of the inner structure of 
a sub-casing of the electronic circuit unit; 

Fig. 7 is an illustration of mounting the radiator in a 
main casing of the electronic circuit unit; 

Fig. 8 is an exploded perspective bottom view of the 
IK part where the radiator is mounted to the main casing; 
Q Fig. 9 is a sectional view of waveguides of the 

m 

fig electronic circuit unit ; 

Fig. 10 is an illustration of the entire configuration 
of a satellite communication system including the electronic 
circuit unit ; 

Fig. 11 is an illustration of the circuit configuration 
of the electronic circuit unit; and 

Fig. 12 is an illustration of a modification of the 
waveguide . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the accompanying drawings, embodiments 
of the present invention will >be described. 

Fig. 1 is a perspective illustrating the entire 

structure of an electronic ciX*cu*l\ unit according to an 
embodiment of the present inventior\. Fig. 2 is a plan view 
of the inner structure of the electronic circuit unit. Fig, 
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is an exploded perspective view of the electronic circuit 
unit^ Fig. 4 is a perspective view of a radiator of the 
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electronic circuit unit . Fig . 5 is a sectional view of the 
inner structure of the radiator. Fig. 6 is a perspective 
view of the i^er structure of a sub- casing of the 
electronic circuiH^unit . Fig. 7 is an illustration of 
mounting the radiator\in a main casing of the electronic 
circuit unit. Fig. 8 isSan exploded perspective bottom view 
of the part where the r^die^<^r is mounted to the main casing. 
iH Fig. 9 is a sectional view-*of whyeguides of the electronic 

Q circuit unit. Fig. 10 is an illustration of the entire 

y * x 

(3 configuration of a satellite communication system including 
y the electronic circuit unit. Fig. 11 is^n illustration of 
the circuit configuration of the electronic\ircuit unit . 
Fig. 12 is an illustration of a modification ofythe 
waveguide . 

An application of an electronic circuit unit according 
to embodiments of the present invention is a satellite 
communication transmitter (i.e. , a microwave device) used 
for a satellite communication system. As shown in Fig. 10, 
the satellite communication system comprises an indoor unit 
housing a modulator, a tuner, etc., and an outdoor unit 
housing a satellite communication transmitter, a satellite 
communication receiver, a duplexer, a horn, etc. In such a 
satellite communication system, the satellite communication 
transmitter converts frequencies of intermediate -frequency 
signals received from the modulator to predetermined high 
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frequencies and amplifies the frequency- converted signals so 

as to transmit the amplified high-frequency signals to a 

satellite through a waveguide, the duplexer, and the horn in 

that order. In the meantime, the satellite communication 

receiver receives signals from the satellite via the horn, 

the duplexer, and another waveguide in that order, and 

transmits them to the tuner in the indoor unit. 

As shown in Fig. 11, the satellite communication 

transmitter comprises an intermediate-frequency amplifier 

m circuit 1, a local oscillator circuit 2, and a hybrid power- 
ed 

Q amplifier circuit 3 . 

y i 

m The intermediate-frequency amplifier circuit 1 

iy comprises an amplifier 5 and a thermal compensator (T/C) 6. 

The intermediate-frequency amplifier circuit 1 receives 

ST; signals with intermediate frequencies ranging from 2.5 to 3 

y GHz via an input terminal 4 of the modulator in the indoor 

cn 

£5 unit. The amplifier 5 amplifies the intermediate -frequency 
signals to a certain power level and transmits the signals 
to the hybrid power -amplifier circuit 3 via the thermal 
compensator 6 . The thermal compensator 6 compensates for 
variations in the amplification of the amplifier 5 caused by 
varying ambient temperature. More particularly, the thermal 
compensator 6 amplifies the intermediate -frequency signals 
when an elevated ambient temperature causes the amplifier 5 
to reduce the amplification on one hand, and attenuates the 
intermediate- frequency signals when a lower ambient 
temperature causes the amplifier 5 to increase the 
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amplification on the other hand. That is to say, the 
thermal compensator 6 transmits the intermediate- frequency 
signals lying at a substantially predetermined signal level 
to the hybrid power-amplifier circuit 3 when the ambient 
temperature varies in any way. 

The local oscillator circuit 2 comprises a voltage- 
controlled oscillator (VCO) 7 , an oscillation-signal 
amplifier circuit 8, and a reference-oscillation circuit 9. 
The oscillation-signal amplifier circuit 8 comprises an 
^amplifier 10, a times-three ^frequency multiplier 11, and a 
band-pass filter 12. The reference-oscillation circuit 9 
ffi «=— comprises a reference oscillator 13, a times-three frequency 



ui 
in 



8 

u 
in s 



multiplier 14, an amplifier 15, a sampling phase detector 

ir^frbc 



(SPD) 16, an amplifier 17, and a divide-by-f our ' frequency 
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divider 18. 

The voltage-controlled oscillator 7 generates 
JfJ oscillation signals with a 9 GHz frequency and transmits 

them to the amplifier 10. The amplifier 10 converts the 9 
GHz frequency of the received oscillation signals to a 
frequency of 27 GHz at the times-three frequency multiplier 
11, and transmits the converted signals to the hybrid power- 
amplifier circuit 3 via the band-pass filter 12 which 
permits only oscillation signals with a 27 GHz frequency to 
pass through. 

Meanwhile, in the reference-oscillation circuit 9, the 
reference oscillator 13 generates oscillation signals with a 
40 MHz frequency, then the times-three frequency multiplier 
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14 converts the 40 MHz frequency to a frequency of |t:he^ 120 
MHz, and subsequently the amplifier 15 amplifies the signals 
and transmits them to the sampling phase detector 16, The 
sampling phase detector 16 receives two kinds of oscillation 
signals, i.e., one with a 120 MHz frequency amplified at the 
amplifier 15, the other with a 9 GHz frequency generated at 
the voltage-controlled oscillator 7 and amplified at the 
amplifier 10, and produces phase -comparison error signals 
due to the phase difference between these two kinds of 
m signals. That is to say, a closed loop consisting of the 
voltage-controlled oscillator 7, the amplifier 10, the 
sampling phase detector 16, and the amplifier 17 serves as a 
phase-locked loop (hereinafter, referred to as PLL). Since 
the PLL allows the voltage-controlled oscillator 7 to 
generate signals with a frequency of 9 GHz reliably, the 
amplifier 10 amplifies the oscillation signals with a 
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G frequency of 9 GHz received from the voltage- controlled 

ft 

oscillator 7 and transmits them to the times -three frequency 
multiplier 11 as described above. 

The divide -by- four frequency divider 18 converts the 40 
MHz frequency of a part of the reference-oscillation signals 
generated at the reference oscillator 13 to a frequency of 
10 MHz and transmits the converted signals to external 
circuits (not shown) via an X-TAL signal output terminal 19 
so that the signals serve as reference signals for the 
external circuits. 

The hybrid power-amplifier circuit 3 comprises a 



- 9 - 



frequency converter 20 (i.e., a frequency mixer), a band- 
pass filter 21, a power amplifier 22, a band-pass filter 23, 
a power amplifier 24, and a pair of power amplifiers 25 
connected in parallel. 

In the hybrid power- amplifier circuit 3, upon receiving 
two kinds of signals, one being the intermediate- frequency 
signals with frequencies ranging from 2.5 to 3 GHz received 
from the thermal compensator 6 of the intermediate -frequency 
amplifier circuit 1, and the other being the oscillation 
m signals with a frequency of 27 GHz received from the band- 
pass filter 12 of the local oscillator circuit 2, the 
frequency converter 20 mixes these two kinds of signals to 
produce high frequency signals with frequencies ranging from 
29.5 to 30 GHz. Then, the band-pass filter 21 allows any of 
the signals received from the frequency converter 20 to pass 
through as long as they lie in a desirable frequency range. 
Following this, the power amplifier 22 amplifies the signals 
received from the band-pass filter 21. Further, the band- 
pass filter 23 allows any of the signals received from the 
power amplifier 22 to pass through as long as they lie in a 
desirable frequency range. Subsequently, the power 
amplifier 24 amplifies the high frequency signals received 
from the band-pass filter 23 to a certain high-frequency 
power level. Finally, the pair of power amplifiers 25 
connected in parallel further amplify the signals amplified 
at the amplifier 24 to a power level sufficient to be 
emitted into the air and transmits the further amplified 
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signals to the waveguide via an output terminal 26 (i.e., a 
probe ) . 

The electronic circuit unit according to the 
embodiments is used as a satellite communication transmitter 
having the above described circuit configuration. As shown 
in Figs. 1 to 3, the electronic circuit unit comprises an 
aluminum die-cast main casing 30 constituting a frame, and a 
— radiator 31. > The radiator 31 comprises a sub-casing 32 and 

A 

a radiation plate 33, which are integrally bonded to each 

a . other . j J 

K /\ 

3* The main casing 30 has an almost whole bottom and no 

top formed by aluminum die-casting. The main casing 30 has 
4* an aluminum die -cast first waveguide groove 34 formed in the 

w 

fU outer surface of a sidewall thereof and an opening 30a 

Q - extending from the aforementioned sidewall to the bottom. ) 

ru • a 

Further, the main casing 30 has a lid 35 formed by aluminum 
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die-casting and screwed to the outer surface of the sidewall 
thereof so as to cover the first waveguide groove 34. The 
-main casing 30 has a first circuit board 36^d£sposed therein. 
The first circuit board 36 has a cut-out at a corner thereof 
shaped so as to match the shape of the opening 30a. The 
first circuit board 36 has the circuit components of the 
intermediate-frequency amplifier circuit 1 and the local 
oscillator circuit 2 shown in Fig. 11 mounted thereon, but 
excluding those of the hybrid power- amplifier circuit 3. 
C*he main casing 30 has a cover plate 37^screwed to the top 
ends of the four sidewalls thereof so as to cover the open 
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top thereof. 

As shown in Figs. 4 to 6 , the sub-casing 32 is formed 
to have a bottom and no top, and has a second circuit board 
38 ^disposed therein. The sub-casing 32 has a cover plate 39 f ^ ; J 
attached on the open top thereof so as to tightly seal the 
inside thereof. The sub-casing 32 has a second waveguide 
groove 40 formed in the outer surface of a sidewall thereof. 
The sub-casing 32 and the cover plate 39 are formed of 
copper, which has a larger thermal conductivity than 
aluminum which is used for the main casing 30, and have a 
corrosion-resistant gold plating provided on the surfaces 
thereof. The second circuit board 38 has the hybrid power - 



m 

w« 

HP amplifier 3 of the circuit configuration shown in Fig. 11 

W 

W mounted thereon. The sub-casing 32 and the cover plate 39 
Q define two circuits, i.e., the combination of the 

intermediate-frequency amplifier circuit 1 and the local 
oscillator circuit 2, which are mounted on the first circuit 
board 36, and the hybrid power -amplifier circuit 3 mounted 
on the second circuit board 38 in the main casing 30. 

^R*e second circuit board 38 is fixed to the inner 
bottom surfat^of the sub-casing 32 by screwing a plurality 
of metal fixing mentb^rs 41. The fixing members 41 divide 
the second circuit board v 3B into a plurality of areas. 
Although not shown in the drawings, the frequency converter 
20 and the band-pass filters 21 andS^3 among the circuit 
components of the hybrid power -amplif ier^^^ircuit 3 are each 
mounted on the corresponding areas of the secetnd circuit 
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sboard 38. A probe 42 as the output terminal 26 protrudes 
intcJNthe second waveguide groove 40 of the sub-casing 32 
from one"BQd of the second circuit board 38. Because of the 
requirement f oisnroviding a large amplification, all the 
other circuit compb^ents, i.e., the power amplifiers 22, 23 
and 25, comprise bare sba^iconductor chips 43. These bare 
semiconductor chips 43 are ih^erted in the corresponding 
through-holes 38a provided in thessecond circuit board 38, 
are bonded to the inner bottom surface of the sub-casing 32 
with a conductive adhesive, and are connte^cted to a 
conductive pattern (not shown) on the secon&scircuit board 
38 by wire bonding. \ 

The radiation plate 33 is also formed of copper, which 
has a larger thermal conductivity than aluminum which is 
used for th^main casing 30, and has a corrosion-resistant 
nickel plating\on the surface thereof. The radiation plate 
33 has a protrusion 33a, the width of which is formed 
slightly smaller thak that of the opening 30a of the main 
casing 30. The sub-casing 32 and the radiation plate 33 are 
integrally bonded at the tWtom of the sub-casing 32 and the 
top of the protrusion 33a, a\adiation sheet 44 being 
interposed therebetween, thus fosraiing the unified radiator 

31 as described above. The adhesive radiation sheet 44 
composed of, e.g., a silicone based resin, smoothes fine 
irregularities on the contact surface between the sub-casing 

32 and the radiation plate 33. As shownVn Fig. 7, while 
being inserted into the opening 30a, the radiator 31 is 
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\screwed to the bottom of the main casing 30 such that slight 
ga£>s G are maintained between the sidewalls of the 
protrh^ion 33a of the radiator 33 and those of the opening 
3 0a of tfi>\ main casing 30 in order that the protrusion 33a 
of the radiation plate 33 does not come into contact with 
the main casing\o. Further, as shown in Fig. 8, the main 
casing 30 has pluralities of depressions 45 and projections 
46 which are alternate^ formed on the bottom of the main 
casing 30 with the opening\30a interposing therebetween. 
The projections 46 serve as contact surfaces between the 
bottom of the main casing 30 and\the radiation plate 33 so 
as to join the main casing 30 and the radiation plate 33. 
The depressions 45, each being placed Between adjacent 
projections 46, reduce the contact area between the bottom 
of the main casing 30 and the radiation platfe 33, thereby 
reducing the amount of heat transfer from the Radiation 
plate 33 to the main casing 30 

As shown in Fig. 9, the lid 35 has an outwardly 
projected flange 35a integrally formed on the outer surface 
thereof and a waveguide through-hole 47 penetrating the 
flange 35a. The lid 35 is attached to the outer surface of 
the sidewall of the main casing 30 so as to cover the side 
of the opening 30a and is screwed to the sub-casing 32, 
which is exposed at the opening 30a, and to the main casing 
30. With this configuration, the inner flat surface of the 
lid 35 covers the first waveguide groove 34 of the main 
casing 30 and the second waveguide groove 40 of the sub- 
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casing 32, thus allowing the first waveguide groove 34, the 
second waveguide groove 40, and the lid 35 to form a 
waveguide. The first waveguide groove 34 has an inclined 
plane 34a formed at an end of the waveguide at an angle of 
about 45° with respect to the longitudinal center line of 
the waveguide so as to be in continuous connection with the 
waveguide through-hole 47 of the lid 35 in the vicinity of 
the inclined plane 34a. Accordingly, high-frequency output 
signals at the probe 42 of the hybrid power -amplifier 

of Fk-H 

circuit 3 travel in the second waveguide groove 40 and the 

A 

first waveguide groove 34, are reflected at the inclined 



plane 34a, pass through the waveguide through-hole 47, and 
4* are emitted from the flange 35a of the lid 35 in that order. 
Further, a mating waveguide 48, indicated by the two-dot 
chain line in Fig. 9, is mounted on the end surface of the 

m 

Q flange 35a. The waveguide 48 is connected to the duplexer 

m 

q as above described (refer to Fig. 10). 

In such a configuration of the electronic circuit unit 
(i.e., the microwave device), the lid 35 is screwed to the 
sidewall of the main casing 30 housing the high-frequency 
circuit so as to form a waveguide in the mating surface 
between the main casing 30 and the lid 35 by covering the 
first waveguide groove 34 and the second wave guide groove 
40 formed in the respective sidewalls of the main casing 30 
and the sub-casing 32, with the flat surface of the lid 35. 
This configuration not only provides a compact waveguide in 
the mating surface between the main casing 30 and the lid 35, 
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but also allows the waveguide to be arranged freely as long 
as the waveguide is connected to the probe 42, thereby- 
providing sufficient space for components of the electronic 
circuit unit and enhanced layout design freedom of the 
components . 

Also, the circuit components of the intermediate- 
frequency amplifier circuit 1 and the local oscillator 
circuit 2 are mounted on the first circuit board 36 disposed 
in the main casing 30, the circuit components of the hybrid 
power-amplifier circuit 3 are mounted on the second circuit 
5? board 38 hermetically disposed in the sub-casing 32, and 

Q A 

5 additionally the probe 42 provided on the second circuit 
«jR board 38 protrudes into the second waveguide groove 40. * 

A 



FU With this configuration, the hybrid power- amplifier circuit 



3 is shielded against the intermediate-frequency amplifier 
circuit 1 and the local oscillator circuit 2 in the main 
casing 30. Accordingly, high-frequency signals transmitted 
from the hybrid power-amplifier circuit 3 are unlikely to 
leak into another circuit even when the frequencies used for 
the satellite communication system become higher, e.g., up 
to about 30 GHz, thereby preventing fluctuation of the 
output of the hybrid power-amplifier circuit 3. 

Further, the outwardly projected flange 35a is formed 
on the outer surface of the lid 35, and the waveguide 
through-hole 47 is provided in the flange 35a so as to be in 
continuous connection with the inclined plane 34a at an end 
of the first waveguide groove 34, thereby reducing the 
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proportion of the area of the flange 35a with respect to the 
overall outer surface area of the lid 35. This 
configuration makes it easy to obtain the flat end surface 
of the flange 35a. thus allowing the mating waveguide 48 to 
be accurately mounted on the end surface of the flange 35a. 

The present invention is not limited to the above 
described embodiment, but can undergo a variety of 
modifications. In an exemplary modification as shown in Fig. 
12, only the first waveguide groove 34 is provided in the 
sidewall of the main casing 30 by omitting the second 
waveguide groove 40, the sub-casing 32 is arranged inside 
the four sidewalls of the main casing 30. and further the 
5 probe 42 of the sub-casing 32 protrudes into the first 

waveguide groove 34 from a through-hole 49 penetrating the 
sidewall of the main casing 30. Alternatively, waveguide 
grooves may be disposed in the inner surface of the lid 35 
instead of being disposed in the main casing 30 and the sub- 
casing 32. and this lid 35 may be attached to flat sidewalls 
of the main casing 30 and the sub-casing 32. 

The present invention is effected according to the 
embodiments as described above and offers the following 
advantages . 

An electronic circuit unit according to the present 
invention is configured such that a lid is attached to a 
sidewall of the frame housing a high-frequency circuit 
therein, allowing a waveguide groove provided in the mating 
surface between the frame and the lid to serve as a 
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waveguide. Accordingly, this configuration provides 
sufficient space for mounting circuit components of the 
electronic circuit unit and enhanced layout design freedom 
of the components. 
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